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INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS044

CMOS Low-Power
Monostable/Astable
Multivibrator

High Voitage Types (20-Volt Rating)

B CD4G47B consists of a gatable
astable multivibrator with logic techni-
ques incorporated to permit positive or
negative edge-triggered monostable
multivibrator action with retriggering and
external counting options.

Inputs include_ + TRIGGER, —TRIGGER,
ASTABLE, A LE, RETRIGGER, and
EXTERNAL RESET. Buffered outputs are
@, Q, and OSCILLATCR. In all modes of
operation, and external capacitor must be
connected between C-Timing and RC-
Common terminals, and an external
resistor must be connected between the
R-Timing and RC-Common terminals.

Astable operation is enabled by a high
level on the ASTABLE input or a low level
on the ASTABLE input, or both. The
period of the square wave at the Q and Q
Outputs in this mode of operation is a
function of the external components
employed. “True” input pulses on the
ASTABLE input or “Complement” pulses
on the ASTABLE input allow the circuit to
be used as a gatable mulitivibrator. The
OSCILLATOR cutput period will be half of
the Q terminal output in the astable
mode. However, a 50% duty cycle is not
guaranteed at this output.

The CD4047B triggers in the monostabie
mode when a positive-going edge occurs on
the + TRIGGER-input while the-TRIGGER is
held low. Input pulses may be of any duration
retative to the output pulse.

If retrigger capability is desired, the
RETRIGGER input is pulsed. The retrig-
gerable mode of operation is limited to
positive-going edge. The CD4047B will
retrigger as long as the RETRIGGER:-input
is high, with or without transitions (See
Fig. 34).

An external countdown option can be im-
plemented by coupling “Q" to an external
“N” counter and resetting the counter
with the trigger pulse. The counter output
pulse is fed back to the ASTABLE input
and has a duration equal to N times the
period of the multivibrator.

A high level on the EXTERNAL RESET in-
put assures no output puise during an
“ON" power condition. This input can
also be activated to terminate the output
pulse at any time. For monostable opera-
tion, whenever VDD is applied, an internal
power-on reset circuit will clock the Qout-
put low within one output period {tp).

The CD4047B-Series types are supplied in
14-lead hermetic dual-in-line ceramic pack-
ages (D and F suffixes), 14-lead dual-in-line
plastic packages (E suftix), and in chip form
(H suftix).

CD4047B Types

Features:

B Low power consumption: special CMOS
oscillater contiguration

® Monostablie (one-shot} or astable (free-running)

operation

True and complemented buffered outputs

u
B Only one external R and C required
B Buffered inputs

® 700% tested for quiescent current at 20 V
]

Standardized, symmetrical output
characteristics

5-V, 10-V, and 15-V parametric ratings

Meets all requirements of JEDEC
Tentative Standard No. 138,
“Standard Specifications for
Description of ‘B’
Series CMOS Devices”

Monostabie Multivibrator Features:

m Positive- or negative-edge trigger

B Output pulse width independent of
trigger pulse duration

W Retriggerable option for pulse width
expansion

W internal power-on reset circuit

B Long pulse widths possible using small
RC components by means of exter-
nal counter provision

W Fast recovery time essentially indepen-
dent of pulse width

u Pulse-width accuracy maintained at
duty cycies approaching 100%

Astable Multivibrator Features:

8 Freerunning or gatable operating
modes
B 50% duty cycle

R
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TOP VIEW
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Terminal Diagram

® Oscillator output available
B Good astable frequency stability:
Frequency deviation:
= *2% + 0.03%/°C @ 100 kHz
= =0.5% +0.0715%/°C @ 10 kHz
(circuits "“trimmed’ to frequency
Vpp = 10V £10%)

Applications:

Digital equipment where low- -power
d:ss:panon andfor high noise immunity
are primary design requirements:

B Envelope detection

® Frequency multiplication

8 Frequency division

® Frequency discriminators

®m Timing circuits

® Time-delay applications

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominal operating conditions should be selecfed so
that operation is always within’ tha followmg rangeS' . )

.k . — . T

CHARACTERISTIC : ] “UNE
WIN, | MAX. .‘"‘f's
Supply-Voltage Range (For Ta = | chkaga—'l’emperatura ) =
Range) .3 -] 18 |-
NOTE: IF AT 15 V OPERATION A 10 Mgz RESISTOR 18 USED THE OPERATING
TEMPERATURE SHOULD BE BETWEEN —25°C and 100°C

MAXIMUM RATINGS, Absoluts-Maximum Values: '

DC SUPPLY-VOLTAGE RANGE, (Vop) ; .
Voltages referenced to Vgg Terminal) ..uivsereverrrenerereannanns S +v..~0.5Vio+20V

INPUT VOLTAGE RANGE, ALLINPUTS ...... Sesvetssesiaastaanetdbbrannane ..~0.5V o Vpp +0.5V

DC INPUT CURRENT, ANY ONE INPUT ......... PR

POWER DISSIPATION PER PACKAGE (Pn;
ForTp = -559C 1o +100°C

........... E N 2 01117 Y

ForTa = +100°C 1o +1250G. ... ..... Gamtinresesieeasesninsor.. Dorate Linearity at 12mW/OG 1o 200mW
DEVICE DISSIPATION PER QUTPUT TRANS’!BTOH S o e

FOR T = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....................... 100mwW
OPERATING-TEMPERATURE RANGE (TA) -+ vevieitene e cannannennnns ... ~6509C o +1280C
STORAGE TEMPERATURE RANGE (Tgtg) . <o+ v eeenninannnenenenanenanionenianns -659C 1o +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 + 1/32inch (1,59 £ 0.79mm) from case for 108 MAX .. .vvvveererrrerinennraaens +265°C
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CD4047B Types

CD40478 FUNCTIONAL TERMINAL CONNECTIONS
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34

TERMINAL CONNECTIONS | OUTPUT | OUTPUT PERIOD
FUNCTION TO Vpp| TO Vss INPUT PULSE OR
TO FROM PULSE WIDTH

Astable Multivibrator:

Free Running 456,141 789,12 - 10,11,13 | t4 (10,11) = 440 RC

‘True Gating 46,14 | 789,12 5 10,11,13 [ ta (13) = 2.20 RC*

Complement Gating 6,14 | 5,7,89,12 4 10,11,13
Monostable Multivibrator:

Positive-Edge Trigger 414 5,6,7.9,12 8 10,11

Negative-Edge Trigger | 4,8,14 | 579,12 6 10,11 {4 (10,11) =2.48RC

Retriggerable " 4,14 5,6,7,9 8,12 10,11

External Countdown 14 |5,6,7,89,12 —_ 10,11

A See Text.
# First positive ¥z cycle pulse-width = 2.48 RC, see Note on Page 3-134,
* Input Pulse to Reset of External Counting Chip External Counting Chip Cutput To Terminal 4
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Fig. 1—CD40478 logic block diagram. 2cs-2a0m
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Fig. 2—CD40478 logic diagram.
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Fig. 3—Detail logic diagram for fiip-flops FF1 and FF3 (a) and for flip-fiops FF2 and FF4 (b).
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Fig. 6—Typical output high (source) current
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Fig. 7—Minimum output high (source) current

characteristics.

-__uov 5 10V
AMBIENT TEMPERATURE (T,)+25°C 11
TR R
B l:";:5l 2 = ¥ iw{{%%‘ﬁﬁww‘
H TH Cope
[ = = [ [ e [ 15
DRAIN- TO-SOURCE VOLTAGE (Vpg)—=V 92C5-2431BR3 DRAIN- TO-SOURCE VOLTAGE {Vp§}—V 9265 -24219R1
Fig. 4—Typical output low (sink) current Fig. 5—Minimum output low (sink} current
characteristics. characteristics. =
STATIC ELECTRICAL CHARACTERISTICS i3
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)
TERIS-
TICS vol| vin |VoD 25 UNITS 20 LoD CAPRCITANCE (CO—pF s sevm.
V) V) | VM| =55 | —40 | +85 | +125| Min. | Typ. | Max. Fig. 8—Typical propagation delay time as a
05 s 30 0.0z ] function of laaaqJ capacitance (Astable,
Quiescent — X 5 1 1 - | - g Astabieto Q, Q).
Device Cur- | — 0,10 { 10 2 2 60 60 — 1002 2 A -
rent, |DD — 0,15 15 4 4 120 120 - 0.02 4 s 2 [AMBIENT TEMPERATURE (T)25°C
Max. — 0,20 20 20 20 600 | 600 — 0.04 20 s e
Output Low | 0.4 0,5 5 | 064 |0.61 | 042|036 {051 1 — & L
(Sink) 05] o010 ] 10| 16 [15 |11 109 |13 |26 | — z EEH G ace ool R
Curent | 151 015 | 15 | 42 [ 4 [28 | 24 |34 |68 | — ¥ E
loL Min. mA b 400 T
OutputHigh | 46| 05 | 5 | -0.64] -0.61] -0.42] —0.36] -051] —1 | — & HEE
(Source) 2.5 0,5 5 [ -2 | -18}-13]-1.15| -16 ]| -3.2]| — § s}
Current, 9.5 0,10 10 -16]-15}]-11] -09| -13|-28] — g
loy Min. [135] 015 | 15 | -42] -4 | 28] -24]-34]-68] — £
Qutput Volt- | — 0,5 5 0.05 — 0 0.05 < =S a5 == = =
age: Low- — 0,10 10 0.05 — 0 0.05 v LOAD CAPACITANCE (Cy)—pF  sics-szemn
Fig. 9—Typical propagation delay time as a
kﬂevel Vou| _ 0,156 15 0.05 — 0 0.05 function of load_ capacitance (+ or
ax. — trigger to Q, Q).
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CD4047B Types

STATIC ELECTRICAL CHARACTERISTICS (CONTINUED)

TRANSITION TIME (t1y .t i) —0e

CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES {°C)

TERIS-

TICS Vo Vin| Vopo ) . +25 UNITS
M | M| | —s5] 40 |+85 [+125 [min. | Typ. [ Max.

Output voit| — 05| s 4.95 495 ] 5 -

age:High-| — [0,10] 10 9.95 995 | 10 | — y

level, Vot — [0,15] 15 14.95 14951 15 | —

‘Min. ]

Input Low |0.545 | — 5 1.5 — | — 1158

Voltage, Vi [ 19 | — [ 10 3 — | = 3

Max. 1.5,13.5] — 15 4 — 4 v

Input High |05,45 | — 5 3.5 35 | — —

Voltage, 1.9 — 10 7 7 — —

ViH Min. 15135] — | 15 11 11 - | -

Input Cur- .

rent Iy — |08 18 | x0.1) 204 | =1 | %1 | — ]|+105| 0.1 ua

Max.

Ci = 50 pF, R, = 200 ki)

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,t = 20 ns,

CHARACTERISTIC Voo (V) NN _TVF_—LmT.ﬁ A UNITS
Propagation Delay Time, tpw, trn [ — 200 400
Astable, Astabie to Osc. Out 10 - 100 | 200
15 - 80 160
5 —_ 350 700
Astable, Astable 1o Q, Q 10 - 175 350
15 - 125 250
5 - 500 1000
+or - Triggerto Q, Q 10 — 225 450
15 —_ 150 300
5 = 300 | 600 |
Retrigger to Q, @ 10 — 150 300
15 —_ 100 200
5 — 250 | 500
External Resetto Q, Q 10 _ 100 200 ne
15 - 70 140
Transition Time, trae, trun 5 — 100 200
Osc. Out, 0, @ 10 — 50 100
- 15 - 40 80
Minimum Input Pulse 5 — 200 300 |
Width, tw 10 —_ 80 160
+ Trigger, -~ Trigger 15 - 50 100
5 _ 100 ~] 200
Reset 10 — 50 100
15 _ 30 60
5 — 300 | 600 |
Retrigger 10 — 115 236
N 15 - 75 150
Input Rise nd Fall Time,  &.1;
Al Trigger Inputs
For + Trigger: h 5 —_ 270 —
t; only is unlimited 10 —_ 18 -—
15 —_ 9 — 7]
For - Trigger: . 5 — 325 —
tr only is unlimited 10 — 8 -
15 — 4 —
Q or Q Deviation from 50% 5 - 05 £
Duty Factor 10 — +0.5 +1 %
15 _ +0.1 +0.5
Input Capacitance, Cin Any Input — 5 7.7 pF
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LOAD CAPACITANCE (Cy }—pF
Fig. 10—Typical transition time as a function

of load capacitance.
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Fig. 11--Typical astable osciilator or Q, &
period accuracy vs. supply voltage.
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period accuracy vs. supply voltage.
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Fig. 18—Typical astable osclliator or Q, &
period accuracy vs. ambient

Fig. 19— Typical output pulse-width variations
vs. supply voltage.
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Fig. 20— Typicai output pulse-width varfations
vs, supply volitage. ’

OUTPUT PULSE - WIOTH VARIATION=— PER CENT

-5 5 25 45 65 65 108 25 WS

AMBIENT TEMPERATURE (T‘)—"C
Fig. 23—Typical outgut puise-width variations
vs."amblent temperature.
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Fig. 21—Typical output pulse-width
variations v§. supply voltage.
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Fig. 24— Typical output-pulse-width variations
vs. ambient temperature.
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Fig. 22—Typical output puise-width variations
vs. ambient temperature.
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Fig. 26—Typical power dissipation vs. output
frequency (Vpp = 5 V).
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vss

Vss
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Fig. 28—Quiescent device current
test circuit.

1. Astable Mode Design Information

A. Unit-0-Unit Transfer-Voitage

Variations — The following+ nnaiysis <
presents variations from unitto unit asa
function of transfer-voltage VrR) shift
(33%—67% Vpp) for - free-runnlng
(astable) operahon :

rermanae 5T Ltz [0 0]

reamnasio A2 daz |
";‘1 _

: szcs:go0zr -

Fig. 32—Astable mode,

VIR
t1= —RC In — L
Vbp + VTR - ..
typically , ty = 1.1 RC
Vob - VTR
tz = —RC In 5
2Vpp - VTR
typically, t> = 1.1RC
ta = 2(t4 + tz)
VTRXV - VIR
- —2RCH TRAVDD - VTR)

(Vpp + VTRX2Vpp - VTR
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o withe
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Fig. 27—Typlcal power dissipation vs. output
frequency (Vpp'= 10 V).
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T ANPUTS . OQUTPUTS
- b,
ViH ey .-
Mo ] = +
o
ViL ~t— = e
~— - =
‘ NOTE:
vss TEST ANY COMBINATION
‘OF INPUTS EXCEPT fIN 3

92CS5-27441R1

Fig. 30—input-voltage test circuit.

Typ: Vrr=05 Vpp tA=4.40 RC
Min: Vrp=0.33 VDD ta=462RC
Max. VTH=° 87 VDD ta=4.62 RC

. thus lflaused the variation
will be + due to variations in
transfer voltage.
B. Variations Due to Vpp and Tempera-
ture Changes — In ach ?on to varlations

from unit to unit, the ashble period varies

VDD and tem)|
, tions- are pr

~ Figs.:11 10 18 with 10;

voftajje ariations. cumves and 25°C as

reference for temperature variations

curves.

- #i.” Menostable Mode Design information

" The following analysls presents varla-
-tions fromy unit to unit-as a function of
transfer-voltage (Vrg) shift (33% — 67%
Vpp) for one-shot {monostable) operation.

“Inc:ghaphical form in

il

TERMINAL 8 .ﬂ_l'l_
TERMINAL 13 J 1T A M
TERMNAL 10 J ™ AL

92CS-20028

Fig. 33—Monostable waveforms.

3~-135

QOR Q FREQUENCY (1) — Hg e2cs 21414

Fig. 28—Typical power dissipation vs. output
frequency {Vpp = 15.v).

;no
INPUTS - H
Voo . - NOTE: -
\,_@,—__ . MEASURE INPUTS
° - SEQUENTIALLY,
Vss TO BOTH Vpp AND Vgg:
CONNECT ALL UNUSED
INPUTS TO EITHER
‘ \lw mvm.

Vss

92C8- 27402

Fig. 31—Input-leakage-current
test circuit.

\"
t4 = —RCin —o-
2Vpp
typically, t4/ = 1.38 RC
=t 4 o)
vVrr){Voo — VTR)
tM = —RC In TR -

' {2Vpp - VTRA2VpD)
where ty = Monostable mode pulse
width. Values for t)4 are as follows:;

Typ: VTR=0.5 Vpp tm =248 RC
Min: VTH =0.33 Vpp tM=271RC
Max: VTr =0.87 Vpp tM=248 RC

thus isjt is used, the variation
will be +9. ~0% due to variations In

transfer voltage

Note: ‘

In the astable mode, the first positive half
cycle has a duration of t)s; succeeding
durations are t4/2.

In addition to variations from unit to unit,
the monostable pulse width varies with
Vpp -and temperature. These variations
are presented in graphical form in Fig. 19
to 26 with 10 V- as reference for voltage-
variation curves and 25'C as reference for
temperature-variation curves.

H
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Hl. Retrigger Mode Operation

The CD4047B can be used in the retrigger
mode to extend the output-pulse duration,
or to compare the frequency of an input
signal with that of the internal oscillator.
In the retrigger mode the input pulse is
applied to terminal 12, and the cutput is
taken from terminal 10 or 11. As shown in
Fig. 34 normal monostable action is ob-
tained when one retrigger pulse is ap-
plied. Extended pulse duration is obtain-

ed when more than cne pulse is applied.
+TRIGGER &
RETRIGGER
TERMINALS
8412
0SC QUTPUT

CD40478B Types

farger than the CMOS “ON" resistance
in serles with it, which typically is hundreds
of ohms. In addition, with very large vaiues
of R, some short-term instability with
respect to time may be noted.

The recommended values for these com-
ponents to maimai_n agreement with

. JuvL SU===d0 i L

O TS Pzl . _Flafibed il iz Fiefked bz flafileed

Q QUTPUT

Qoo —Jmel— I e L. _J

tRE j | YRE L

92CS-20029R1

Fig. 34— Reirigger-mode waveforms.

For two input pulses, tgg = t{' + t1 +
Zt% For more than two pulses, the output
pulse width is an integral number of time
periods, with the first time period being
t1’ + ts, typically, 2.48RC, and all subse-
quent time periods being t{ + tg, typical-
ly, 22RC. -

IV. Extemal Counter Option

Time thq can be extended by any amount
with the use of external counting cir-

cuitry. Advantages include digitally con-
trolled pulse duration, small timing
capacitors for long time periods, and ex-
tremely fast recovery time. A typical im-
plementation is shown in Fig. 35. The
pulse duration at the output is

text = (N— 1)({ta) + (tm + tA/2)
where tgyi = pulse duration of the cir-

cuitry, and N is the number of counts
used.

OPTIONAL
BUFFER

osperd] >
L'i.'l%*e ol JtExT L—

92C3- 29041

Fig. 35—Implementation of external counter.
option. : i

V. Timing-Component Limitations

The capacitor used in the circuit should
be non-polarized and have !ow leakage
(i.e. the parallel resistance of the
capacitor should be at least an order of
magnitude greater  than the external
resistor used). There is no upper or jower

previously calculated formutas without
trimming should be:

C = 100 pF, up to any practical value, for
astable modes;

C = 1000 pF, up to any practical value for
monostable modes.
10kQ€ RS 1 MQ

VI. Power Consumption

in the standby mode (Monostable or
Astable), power dissipation will be a func-

o]

' l._ 4-10
(0.102-0.254)

: 2033-8% 35

tion of leakage current in the circuit, as
shown in the static electrical
characteristics. For dynamic operation,
the power needed to charge the external
timing capacitor C is given by the follow-
ing formulae:
Astable Mode:

P = 2CVZf. (Output at

terminal No. 13)

P = 4CV2f. (Output at

terminal Nos. 10 and 11)

Monostable Mode:
p - (2.9CV2) (Duty Cycle)
= T

(Output at terminal Nos. 10 and 11}

The circuit is designed so that most of the
total power is consumed in the external
components. In practice, the lower the
values of frequency and voltage used, the
closer the actual power dissipation will
be to the calculated value.

Because the power dissipation does not
depend on R, a design for minimum power
dissipation would be a small value of C.
The value of R would depend on the
desired pericd (within the limitations
discussed above). See Figs. 27, 28, and 29
for typical power consumption in astable
mode.

92CM~ 32955

limit for either R or C value to maintain Chip dimensions and pad layout for CD40478

oscillation. ‘

Howevaer, in consideration of accuracy, C
must be much larger than the inherent
stray capacitance in the system (unless
this capacitance can be measured and
taken into account). R must be much

Dimensions in parentheses are in millimeters and
are derived from the basic Inch dimensions as in-
dicated. Grid graduations are in mils (10—3 inch).

3-1386
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